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INTRODUCTION

.Since 1976, three reports on oceanographic and meteorological conditions in the North

Pacific have been produced by the NORPAX Data Program covering the period from June,

1976 through November, 1977. This is the fourth in the series, and covers the period from

December, 1977 through May, 1978. This issue contains: contour maps of monthly meaned

Fleet Numerical Oceanographic Central (FNOC) air temperature, sea temperature, wind speed,

wind direction, surface vapor pressure, and 700 mb height; NORPAX Data Management calcu-

lated wind stress, wind stress curl, wind shear velocity cubed, sensible heat flux, latent heat

flux; objectively analyzed TRANSPAC temperatures at discrete depths from White and Bern-

stein (SIO); monthly ADS buoy drifter displacement vectors from McNally (SIO).

CONTOUR MAPS

Contour maps of FNOC (Fleet Numerical Oceanographic Central) fields and calculated flux

fields are in Figures 2.1-2.11, 3.1-3.11, 4.1-4.11, 5.1-5.11, 6.1-6.11, and 7.1-7.11. TRANSPAC

contour maps are in Figures 2.12, 3.12, 4.12, 5.12, 6.12, and 7.12.

The analysis of FNOC fields and NORPAX calculated flux fields are explained in the

Appendix to this issue.

XBT's have been regularly dropped from ships of opportunity in the Pacific since 1974.

Recovered temperature profile data have been analyzed at Scripps by Bernstein and White and

temperature residuals from their anomalies were contoured for 0, 60, 120, 200, 300 and 400

meter depths, by month.

FREE DRIFTER BUOY DISPLACEMENT VECTORS

Buoy displacement vectors were plotted in Figures 2.13, 3.13, 4.13, 5.13, 6.13, and 7.13.

The buoys were drogued at 30 meters.
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FIGUR.E. I Absolute value of rneathly mean vector wind velocities at 19. 5 meters.

Contour intervals are I rn/eec.
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WIND STRESS (DYNE;/CM--2) DVC 77
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FIGURE 2.4 The vertical component Of mOnthly mean wind stress curl is the mean of 6-hourly
wind stress curl approximated by finite-differences from 6-hourly wind stresses at
10 me"er loolines~of sera ciarl ar. plotted heavily, and contour interval, are
4. 0 z 10t dynes /cm
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FIGURE 2- 5 Monthly rrean wind &hear stress velocity cubed, 0* to the mean of t6-hourly wind
@hear stress velocity cubes calculated from wind speed at 20 meters. Con,ur
intervals are 0. 02 Im/sec)
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FIGURE 4 7 Monthly mean air temperature is the mean of 12-hourly FNWC air temperature.
Contour intervals are VC.
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VAPOH F'rE' >-(-JRV (NE) DEC 17

-LJ

2P20 130 140 ISO 160 170 180 190 200 210 220
LONGITUDE (E11

FIGURE 2.. 9 Monthly mean surface vapor pressur~e is the mean of 12-houtly FNWC vapor
pressure at 19. S meters. Contour intervals are I rob.
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LATENT HEAT FLUX (10-'3 CAL/C2M.2 SEC) DEC 77
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rIGURE Z. 11 Monthly mean latent hrat flux Ocean to atmoapbore) Is the means of 12-bourly
latent heat flux calculated from FNWC sea temperature. vapor pressure and
wind a. ing a'bulk formula.- ItIno of 9.vo heat flux are plotted heavily. and

ccsu absw~ are 0. S a 10,~ cal/cm Sec.
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BUOY PLOT FOR DECZ7
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FIGURE 2.13 Monthly buoy tracks. Tracks are drawn from starting point
at beginning of month to terminal point at end of month.
Ratio of latitude to longitude is the same as in other
figures.
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IrIGUR E3. 2 Di recction ar rowe r epr esent ing directions of monthly mean wind vectors at if. 5
meters. Length of arrow shaft indicates wind speed in rn/sec. (See scale abtve
figure).
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U STAR CUBED ((M/SEC)003) JAN 78
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FIGURE 3. 5 Monthly mean wind @hear stress velocity cubed, U* is the mean of 6-hourly wind

shear stress velocity cubed3 calculated from wind speed at 10 meters. Contour

intervals are 0.0OZ (rn/see).
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FIGURE 3.7 Monthly mean 700 tm erhtur t the mean of Z-hel FNC a0ir tempehte.
Contour intervals ar 25mer.
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rIGURE 3'. 9 Monthly mean surface vapor pressure It the mean or IZ-hourly FNWC vapor
pressure at 11. 5 meters. Contour intervals are I mit.
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TIOUREA"1O Monthly mean sensible heat fltax (*"asm to qamoepbere ia te mean of 12.hoetipy
sen:Ile hoat flux calculated fromn FNWC air and **a temperature and wivid
ustIf a bul , formula, 4 solines ft aero hoat flux are platted heavily, and ceitoau
into rvalo are 1. 0 x 10 citlcm sec.
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FIGURE Z.13 Monthly buoy tracks. Tracks are drawn from starting
point at beginning of month to terminal point at end of
month. Ratio of latitude to longitude is the same as in
other figures.
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FIGURE . I Absolute value of monthly mean vector wind velocities a
t 

19.5 meters.
Contour interval@ are I rn/see.
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FIGURE i'. Z Direction arrow* representing directions af monthly mean wind vectors at 19. 5
meters. Length of arrow shaft indicates wind speed in rn/sec. (See scale above
figure).



W!ND STRESS; DYNES/CM-) FN2 78

60

FIGUREq? .3 Monthly mean wind stress to the mean of b-hourly wind stress at 10 meqers

calculated from VNWC wind data. Contour itervtsals are 0. 41 dyne@ /crn

CURL OF WI1ND STRPKS (10*x-9 DYNF3/CrWE3-' FEB 78
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FIGURE 4.4 The vertical component of monthly mean wind stress curl Is the mean of 6-hourly
wind stress curl approuimated by finite- difle rence s from 6-hourly wind stresses at
10 meters Isolinee 3 of sero curl are platted heavily. 'and contour intervals are
4. 0 x 10-r dynse/cm



U STAR WUBVD (M/SEC)-7 ) F- -P 78
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Fir, uRE#. s Monthly mean wind shear stress velocity cubed, U* is th, mean of 6-hourly ind

shear stress velocity cube . calculated from wind speed at 10 meters. Contcur
intervals are 0.02 (n/leed

SEA SURFACE TEMPERATURE (DEG.C) FWEB 78
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FIGUR.E 46 Monthly mean sea surface temperature is the mean of rZ-hourly FNWC sea surface
temperatures. Contour intervals are IOC.
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FIGURE 9.7 Monthly mean airm temerue t the mean of 2-hourly FNWC 700 merahtu..
Contour intervals are 25 et.
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FIGURE#. 9 Monthly mean surface vapor pressure to the mean of 12-hourly FNWC vapor
pressure at 19. 5 meters. Contour intervals are I mb.
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FIGURE. t0 Monthly nivan ornsible h,3t fluxc (ocean to atmosphere) is the mren of IZ-hourly
sensiblfe heat fu calcutated from I NWC air and men temperature and wind
ui.- a~ butk fo)rmulsa 4lsolint*p a ero heat fluit are plottedi heavily. and contour
Inter-vifi are 1. 0 it 10 cat/cm @,.c.



LAVTNT I[TA~ T L-UX 10-' CAL/CM-2 V-Cl'[~

60

PPO 130 140 1 F, 160 170 180 1 Q 0  F o 210 220
LONG I UD' ( -

FIGUR~2f. 11 Monthly mean latent heat flux (ocean to atmosphere) to the mean of 12-hourly
latent heat flux calculated from FNWC cea temperature, vapor pressure and
wind using a bulk formula. lsoJine of zy~o heat flux are plotted heavily. and
contour intervals are 0. 5 x 10' cal/cm sec.
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FIGURE 4 .a1 Monthly buoy tracks. Tracks are drawn from starting
poi.nt at beginning of month to terminal point at end of
month. Ratio of latitude to longitude is the same as in
other figures.
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WIND STRF';c (DYN[ /C.M-* ? MAP, 78
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FIGURE. 3 Monthly mean wind stress is the mean of 6-hourly wind stress at 10 meyers
calculated from FNWC wind data. Contour intervals are 0. 2 dynes /cm

CURL OF WIND STRESS (I0**-9 DYNES/C1**3) MAR 78
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FIGURE S. 4 The vertical component of monthly mean wind stress curt Is the mean of 6-hourly

wind strees curl approximated by finite -dIffe rences I rom 6-hourly wind stresses at
10 mneters. ltolines~of zero curl are plotted heavily, and contouar intervals are
4. 0 x 10 dne. 1cm
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FIGUR ,T 7 Monthl~y mean 700 tmpergtr is the mean of Il-hourly l>NWC 70r tm erahtu.
Cotour intevals are VCme. .
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contour intervals are 0. 5 x 10. cal/cm see.
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FIGURE .1I3 Monthly buoy tracks. Tracks are drawn from starting
point at beginning of month to terminal point at end of
month. Ratio of latitude to longitude is the same as in
other figures.
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WIN]D STRESS (DYN[S/GM**2) APR 78
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FIGURE .3 Monthly mean wind stress to the mean of 6-hourly wind stressa at 10 meyers
calculated from FNWC wind data. Contour intervals are 0. 2 dynes /cm
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FIGURE G. 4 The vertical component of monthly mean wind stress curl is the mean of 6-hourly
wind stress curl approximated by finite- diffe rencea from 6-hourly wind stresses at

10 mteu~. soln~%of zero curl are plotted heavily. -and contour Intervals are
4.01eIr1dyneo1/cm



U STAR CUBED ((M/SEC)**3) APR 78
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FIGURE 5t Monthly mean wind shear stress velocity cubed. U* is the mean~ of6horywn
shear stress velocity cubeds calculated from wind speed at 10 meters. Contour
intervals are 0. 02 (rn/src)
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FIGURE IC.6 Monthly mean sea surface temperature 14 the me&an of 122hourly FNWC Pea surface

temperatures. Contour intervals are VC.
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FIGURE 4.8 Monthly mean 700 tmpeigatr is the mean of la-hourly FNWC ai0 tmp erhtur.
Contour intervals are 2VmC..
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FIGURE C .i Monthly buoy tracks. Tracks are drawn from starting point
at beginning of month to terminal point at end of month.
Ratio of latitude to longitude is the same as in other
figures.



WIND SPEED (M./SEC) MAY 78
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FIGURE -1. 1 Absolute value of monthly mean vector wind velocities at 19. 5 meterse.
Contour intervals are 1 rn/sec.
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FIGURE*1.2 Direcon arrrows representing directions of monthly miean wind vect,,rm at 19.
meterm. Length of arrow shaft indicates wind spaed in rn/sec. S- otaI, abi-ve
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calculated from FNWC wind data. Contour intervals are 0.Z~dynes/cm
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Contour intervals are VCmer.



VAPOR PRESSURE (MB) MAY -78

60

40.

220 1010101010101020210 220

FIGURE 7~9 Monthly mean surface vapor pressure is the mean of 12-hourly FNWC vapor
pressure at 19. 5 meters. Contour intervals are I mb.
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latent heat flux calculated from FRWC sea temperature. vapor pressure and
wind using a bulk formula. tIsine of saro heat flux are plotted heavily, and
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other figures.
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APPENDIX. Analysis Procedure
Since some revisions have been made in the calculation of curl of wind stress, and since it

has been some time since the publication of ADS Report Number 1. which contained a com-
plete outline of the analysis procedure, this appendix is included in this report.

FNOC data were taken from 63 x 63 polar gridded fields of 6-hourly wind speed and direc-
tion, and 12-hourly 700 mb height, sea surface temperature, air temperature, and vapor pres-
sure. The wind at a ten meter height above sea level was estimated from FNOC 19.5 meter
winds by an iterative scheme using the neutral flux-profile relationships obtained by Businger et
al. (1971). Wind stress was calculated from FNOC wind speed and direction using a bulk aero-
dynamic equation:

T = -pUW P pCU2o (Al)

where

-r = surface stress (dynes/cm 2)

=-- Reynolds stress. (m2sec- 2)

p = air density = 1.2923x10 - 3 g/cm3

U10 = wind speed at 10 m (cm/sec)

G = 1.3x10-3

The drag coefficient Cd was found by Smith and Banke (1975) for U10 = 10 m/sec. Verti-
cal component of wind stress curl was calculated on the FNOC northern hemispheric grid using
polar projection mapping and finite difference approximations.

The vertical component of wind stress curl is,

r.curV= sI a (rsinO) a,,2
R .sino 1 ,90 ,9 ) (A .2 )

where 0 and 46 are co-latitude and east longitude in polar coordinates, respectively, and r is
wind stress, R is the Earth's radius, and is a unit radius vector.

A finite differencing method will be used to estimate this equation. However, since the
data resides on a polar stereographic grid, a finite differencing scheme must be expressed in
terms of polar stereographic coordinates, and then related to co-latitude and longitude using

AI



the chain rule. The finite differences are:

ao Le - .4 ,1/ + 1 1/,-1) (A.3)

i1,63

a~ z (A.4)

2 16/= , 63

Vr,,sinC IO~~iO= %sn[,' (, i-, ) (A.5)

Tr ,sinO j +/2;i=l, 63

O(r,sin0) _ Tdsino _/(71j + 1 )- ) (A.6)
01)

- rsinO0+/2;i=l, 63

where (0, 0) and q (0, 0) are the abscissa and ordinate grid axes of the 63 x 63 polar stereo-
graphic grid.

The partial derivatives may be calculated for the polar stereographic mapping equations:

Cc- 32+31.205 -CosO 1'sin(0b+80); i=1,63,

= 32-31.205 Cose 1/2"cos(6t+80); j=1, 63, (A.8)

and the partial derivatives of 4 and q with respect to 0 and . are:

- - 31.205w 1-cosO Cos (0+80)

aod I1+cosO I (A.9)

- - 31.2051 1-case 1sin (0+80) (A 10)
I I -CS 12

- 31.205 I-cosO )12 sin0 sin (+80) (A.1)
0 1 +cosO J (l+coso) 2

a - -31.205 I-cosO -112 sinO Cos (4+80) (A.12)ao0 1+COSO I (l+COS9)2csc+ 0

The vertical component of the wind stress curl can then be estimated, using equations A.2
through A.12, as:

.curri? 15.6025[ l-cosO }/2.[ sin (.+80)(
Rsin0, l+cos0, - sing (A.13)

-T,,sinek+i Cos (!0+80) f
sin@ -



Sensible heat flux (caJ/crn sec) was obtained using an empirical bulk formula (Friehe and
Schmitt, 1976):

S.H.F. = pCI0.2+CJL'()(TjTa)J (A.N1)

where

C 0.24 cal/gin"C

ch - 0.91X0 to

T= sea surface temperature

T,= (10 meter) air temperature

The latent heat flux (cal/cm2seC) was also calculated from a bulk formula (Friehe and

Schmitt, 1976):

where

L =595 cal/gm (heat of evaporation)

C,. 1.32x to-

Q =0.75JEAIR (gM.M- 3) _FNOC vapor pressure]I

=1.667x 10 7.[ej
7 ,j9 (T, +273)'2731j

Stress, stress-curl and U? fields were calculated at OOz, 06z, 12z ;heat fluxes were calcu-
lated for OOz and 12z every day. These calculated fields were then averaged to obtain daily, 5-
daily, and monthly vector means of wind speed and direction. Monthly means were contoured
over the region of the North Pacific from 120E to 230E and 20N to 60N.
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